TITLE OF THE INVENTION 
Clock Switching Circuit for a Hot Plug 


BACKGROUND OF THE INVENTION 
5 Field of the Invention 

This invention relates to a clock switching circuit 
for switching the internal clock for an interface having 
a hot-plug function such as IEEE1394 or USB, and more 
particularly to a clock switching circuit that prevents 
10 the occurrence of hazards during switching, makes it 
possible to generate a stable clock, and prevents 
malfunction of the internal circuits. 

Related Art 

15 Recent personal computers perform the connection 

with peripheral devices by an interface having a hot-plug 
function. A hot-plug function is a function that 
activates the connection even when an interface cable 
is connected after the power to the computer and 

20 peripheral device have been turned ON. For example, when 
an interface cable having a hot-plug function is connected 
to the device to be connected after the personal computer 
has started up, the connection with that connected device 
is activated , and when the interface cable is disconnected, 

25 the connection with the connected device is deactivated. 

When the connection is activated, the internal 
circuits of the connected device are also activated, and 


specified high-speed processes, that are controlled by 
the synchronization clock, are executed. Moreover, 
after the cable has been disconnected, the connection 
is deactivated and the internal circuits of the connected 
device are also deactivated. However , internal circuits 
continue a minimum of operations for a preparation of 
the cable connection later. 

The aforementioned IEEE1394 interface having a 
hot-plug function has a high-speed transmission rate of 
400Mbps, and is a suitable interface for transmitting 
image data. In order to correspond with this interface, 
the connected device has a PLL circuit which speeds up 
the oscillating clock of the internal oscillator. 
Moreover, it is desired that while the connected device 
is activated, the internal circuits perform a 
predetermined operation in synchronization with the 
high-speed clock of the PLL circuit, and while the 
connected device is not activated, the internal circuits 
maintain a minimum operation in synchronization with the 
oscillation clock of the low-speed oscillator. 

Therefore, it is necessary for the internal circuits 
of the connected device to switch between the high-speed 
clock and the low-speed clock in response to the 
connection or disconnection of the interface cable. In 
this case, it is necessary to switch between two clocks 
that are asynchronous and out of phase with each other. 
In prior clock switching circuits, it is not possible 


to adequately prevent the occurrence of hazards when 
switching . 

Fig. 1 is a circuit diagram of a prior clock switching 
circuit. This clock switching circuit is as disclosed 
in Japanese Laid-open Patent No . HOl-6209309, and is used 
for switching asynchronous clocks in communication 
devices. With the switching circuit in Fig . 1^ switching 
is performed by a selection signal 'Select* that selects 
between the output clock X'tal of a quartz oscillator 
or the output clock PLL of a PLL circuit. In order to 
prevent hazards, which are the cause of malfunction when 
switching between the asynchronous clocks X* tal and PLL, 
the quartz oscillator clock side comprises flip-flops 
F/F(l), F/F(2) and an AND gate ANDl, and switching is 
performed in synchronization with the clock X'tal, while 
the PLL side also comprises flip-flops F/F(3), F/F(4) 
and an AND gate AND2 , and switching is performed in 
synchronization with the clock PLL. 

Fig. 2 is a timing chart of the operation of the clock 
switching circuit shown in Fig. 1. The selection signal 
'Select' is Hl-level when the interface cable is 
disconnected, and is LO-level when the interface cable 
is connected. Fig. 2 shows the operation when the 
interface cable changes from being connected to being 
disconnected, as well as the operation when returning 
to the connected state. 

As shown inFig. 2,whentheselectionsignal 'Select' 


is in the LO-level connection state, the clock output 
COUT of the switching circuit outputs the high-speed clock 
PLL of the PLL circuit. At that point, when the cable 
is disconnected and the select ion s ignal 'Select' becomes 
Hl-level, then in response to the fall of the clock X'tal 
at time tl, the flip-flop F/F(l) receives the Hl-level 
of the selection signal 'Select*. Then, at time t2, in 
response to the fall of the clock PLL, the flip-flops 
F/F(3), (4) receive the inverted signal (LO level) of 
the selection signal ' Select ' . Inthisway, the AND gate 
AND2 prohibits the output of the clock PLL, and the clock 
output COUT stops. Furthermore, in response to the fall 
of the clock X'tal at time t3, the flip-flop F/F(2) 
transfers the selection signal 'Select', and the AND gate 
ANDl lets the clock X'tal pass. As a result, the clock 
output COUT is switched to the quartz oscillator clock 
X'tal. 

In response to the selection signal 'Select' being 
switched as described above, the deactivated clock is 
disconnected by one clock operation, and the activated 
clock is activated by 2 clock operations, and therefore 
the occurrence of hazards during switching is prevented. 
Furthermore, the activated clock is activated in 
synchronization with that clock phase, so there is no 
occurrence of a hazard that causes malfunction. 

Fig. 3 is a different operation timing chart of the 
clock switching circuit in Fig. 1. In this case, the 
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a very high-speed interface^ so there is a possibility 
that the relationship between the PLL circuit clock and 
the quartz clock may become as shown in Fig. 3, In that 
case, with the prior clock switching circuit in Fig. 1, 
5 there is a possibility that malfunction will occur in 
the logical circuits in the later stages to which the 
output clock COUT is supplied. 

Furthermore, when the interface cable is connected, 
the clock is switched from the low-speed quartz clock 
10 to the high-speed PLL clock, however, when the PLL circuit 
that starts operating after switched is unstable after 

I : ; 

5^ switching, then an unstable clock will be supplied to 

p~ = 

the later stage circuits and malfunction will occur. 

=^= 

15 SUMMARY OF THE INVENTION 

Si The objective of this invention is to provide a clock 

switching circuit that is capable of properly switching 
asynchronous clocks having a large difference in 
frequency when disconnecting or connecting an interface 
20 cable with a hot-plug function. 

Furthermore, another objective of this invention is 
to provide a clock switching circuit that is capable of, 
before switching the clock, waiting for the clock of the 
PLL circuit to become stable after connecting an interface 
25 cable with a hot-plug function. 

In order to accomplish the aforementioned objectives , 
one aspect of the present invention is a clock switching 
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circuit for switching between asynchronous first clock 
and second clock when connecting or disconnecting an 
interface cable having a hot-plug function, and 
comprising: a first group of flip-flops for receiving 
an interface disconnection signal that corresponds to 
disconnection and connection of the interface cable in 
response to the first clock; and a second group of 
flip-flops for receiving the interface disconnection 
signal in response to the second clock. Furthermore, 
in this invention, as for the first flip-flop group, the 
flip-flop of the final stage thereof outputs a first 
selection signal through the first clock edges whose 
number is the stage number of the first flip-flop group, 
when the interface cable is disconnected; and the 
flip-flop of the final stage thereof outputs a first 
no-selection signal through one clock edge when the 
interface cable is connected. Also, the first clock is 
selected and output in response to the first selection 
signal, and the output of the first clock is prohibited 
in response to the first no-selection signal. Moreover, 
as for the second flip-flop group, the flip-flop of the 
final stage thereof outputs a second selection signal 
through the second clock edges whose number is the stage 
number of the second flip-flop group, when the interface 
cable is connected; and the flip-flop of the final stage 
thereof outputs a second no-selection signal through one 
clock edge when the interface cable is disconnected. The 



second clock is selected and output in response to the 
second selection signal, and the output of the second 
clock is prohibited in response to the second no-selection 
signal. In this invention, the second flip-flop group 
5 has more stages than the first flip-flop group by an amount 
that corresponds to the relationship between the 
frequency of the first and second clocks. 

With this aspect of the invention, switching to the 
high-speed second clock is performed by way of the second 
10 flip-flop group having more stages, so it is possible 
?j to prevent the occurrence of hazards as occurred in the 

hi 

example of the prior art. 
'X In another aspect of the invention, when the 

f., interface cable is connected, operation of the PLL circuit 

15 starts in response to the interface disconnection signal, 
%l and that interface disconnection signal is received by 

^" the second flip-flop group after a set amount of time. 

Also , when the interface cable is disconnected, operation 
of the PLL circuit stops in response to the interface 
20 disconnection signal. 

With this aspect of the invention, when switching 
to the high-speed second clock, it is possible to output 
the PLL output clock, that has stabilized after a set 
amount of time, as the second clock. Also, when the 
25 interface cable is disconnected, operation of the PLL 
circuit stops immediately, so it is possible to prevent 
needless current consumption. 
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In another aspect of the invention, the number of 
stages of the second group of flip-flops can be varied 
according to the external frequency setting signal. In 
this way, it is possible to provide a clock switching 
circuit that corresponds to a plurality of types of 
interface cables. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a circuit diagram of a prior clock switching 
circuit . 

Fig. 2 is a timing chart of the operation of the clock 
switching circuit in Fig. 1. 

Fig. 3 is another timing chart of the operation of 
the clock switching circuit in Fig. 1. 

Fig. 4 is a drawing that shows the interface cable 
and connected device for which an embodiment of the 
invention is applied. 

Fig. 5 is a circuit diagram of a clock switching 
circuit of an embodiment of the invention. 

Fig. 6 is a timing chart of the operation in Fig. 
5 when the interface cable changed from being connected 
to disconnected. 

Fig. 7 is a timing chart of the operation in Fig. 
5 when the interface cable changed from being disconnected 
to connected . 

Fig. 8 is a circuit diagram of a clock switching 
circuit of a second embodiment of the invention. 


Fig. 9 is a drawing showing the relationship between 
the interface cable and the connected device in a second 
embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The preferred embodiments of the invention is 
explained in reference to the drawings. However, the 
technical scope of the invention is not limited to the 
embodiments described here. 

Fig . 4 shows the interface cable and connected device 
to which the embodiments of the invention are applied. 
The interface cable 20 is an interface having a hot-plug 
function such as IEEE1394 and USB. The connected device 
30 to which the interface cable 20 is connected or 
disconnected has a connector 32 to which the cable is 
connected. In addition, there is an LSI device 34 inside 
the connected device 30 for processing the data signals 
that are supplied from the interface cable 20. 

This LSI device 34 comprises a pull-up resistor R 
for generating a disconnection signal 'Select' to 
indicate whether the interface cable 20 is connected or 
disconnected. One end of the pull-up resistor R is 
connected to the power supply Vcc, and the other end is 
connected to one pin of the cable. The signal line on 
the cable side that corresponds to it is connected to 
ground GND , and when the interface cable 20 is connected, 
the disconnection signal 'Select' is LO-level, and when 
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the interface cable 2 0 is disconnected, the disconnection 
signal "Select' is Hl-level. This disconnection signal 
•Select' is supplied to the clock switching circuit 36. 

There is a quartz oscillator 33 in the connected 
device 30 for generating a low-speed quartz clock (first 
clock) X'tal, and that first clock X'tal is supplied to 
the clock switching circuit 36 and the PLL circuit 38. 
The PLL circuit 38 generates a high-speed second clock 
PLL while activated based on the first clock X'tal. 

The clock switching circuit 36 selects either the 
quartz clock X'tal or the PLL circuit clock PLL according 
to the disconnection signal 'Select* for the interface 
cable, and supplies it to the circuits 40 , 42 in the later 
stage as an output clock COUT. The later stage circuits, 
are for example, an FIFO buffer 40 that supplies data 
supplied from the interface cable 20 to the later stage, 
and a logic circuit 42 that processes the supplied data, 
and these circuits operate by using the clock COUT that 
is supplied from the clock switching circuit 36 as the 
operation clock. 

Fig. 5 is a circuit diagram of a clock switching 
circuit of an embodiment of the invention. Figs. 6 and 
7 are timing charts of the operation when the interface 
cable changes from being connected to disconnected, and 
from being disconnected to connected, respectively. 

The clock switching circuit 36 shown in Fig. 5 
comprises a first flip-flop group 43, which selects or 
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does not select the low- speed quartz clock X*tal, a second 
flip-flop group 45, which selects or does not select the 
high-speed clock PLL, and a counter 44^ which counts a 
set amount of time after the interface cable 20 is 
connected until the PLL circuit becomes stable. For 
convenience, the PLL circuit 38 is also shown in Fig. 
5 . 

Similar to the prior art, the first flip-flop group 
4 3 comprises a two-stage flip-flopF/F (1), (2), andthere 
is an AND gate 12 located between the flip-flops. 
Furthermore, the first flip-flop group 43 comprises an 
AND gate ANDl which lets the first clock X'tal pass or 
stops according to the output SI of the final-stage 
flip-flop F/F(2) . The two- St age flip-flops F/F(l), (2) 
receive the Hl-level internal disconnection signal 
CLKSEL in response to the trailing edge of the first clock 
X'tal when the interface cable is disconnected, and the 
final-stage flip-flop F/F(2) outputs a first selection 
signal (HI level) SI in response to the next trailing 
edge. In response to this first selection signal SI, 
the AND gate ANDl lets the first clock X'tal pass. 

Moreover, when the interface cable is connected, the 
final-stage flip-flop F/F(2) receives a LO-level 
internal disconnection signal CLKSEL by way of the AND 
gate 12, and outputs a first no-selection signal 
(LO-level) SI. In response to this first no-selection 
signal SI, the AND gate ANDl prohibits the first clock 
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X'tal from passing. 

As described above^ the first flip-flop group 43 
generates the first selection signal SI through greater 
number, i.g.2, of first clock edges when the interface 
cable is disconnected, and generates the first 
no-selection signal SI through the lesser number of first 
clock edge when the interface cable is connected. 
However, this first flip-flop group 43 is not necessarily 
limited to two flip-flops. 

A second flip-flop group 45 comprises more stages 
of flip-flops F/F than the first flip-flop group 43 . This 
difference in number of stages is set according to the 
difference in frequencies of the first clock X'tal and 
the second clock PLL . In the example shown in Fig. 5, 
the second flip-flop group 45 comprises 2N stages of 
flip-flops F/F(la) (lb) to F/F(Na)(Nb) . In addition, it 
comprises AND gates 181 to 18N between the flip-flops, 
and the AND gate AND2 lets or does not let the second 
clock PLL pass according to the output S2 of the 
final-stage flip-flop F/F(Nb). 

The internal disconnection signal CLKSEL is received 
by the flip-flop F/F(la) by way of an inverter 15. 
Moreover, when the interface cable is disconnected, the 
inverted signal (LO level) of the internal disconnection 
signal CLKSEL is received by the final-stage flip-flop 
F/F(Nb) by way of the AND gate 18N, and by a second 
no-selection signal S2, the AND gate AND2 prohibits the 
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And after it becomes stable, the internal disconnection 
signal CLKSEL becomes a LO-level connection state. When 
the interface cable is disconnected, the internal 
disconnection signal CLKSEL immediately become a 
Hl-level connection state, and the PLL circuit is 
deactivated in response to the trailing edge of the first 
clock X'tal. 

The operation when the interface cable changes from 
being connected to disconnected will be explained using 
Fig. 6. At time t21, the interface cable changes from 
being connected to disconnected. When this happens, the 
connection signal 'Select' changes to HI level. In 
response to this, the internal disconnection signal 
CLKSEL becomes HI level. Together with this change, the 
final-stage flip-flop F/F(Nb) outputs the LO-level 
second no-selection signal S2 in response to the trailing 
edge of the second clock PLL at time t22, and the AND 
gate AND2 prohibits output of the second clock PLL. 

In response to the trailing edge of the first clock 
X'tal at time t23, the first-stage flip-flop F/F(l) 
receives the Hl-level internal disconnection signal 
CLKSEL, and in response to the next trailing edge of the 
first clock at time t24, the final-stage flip-flop F/F(2) 
receives the internal disconnection signal CLKSEL, and 
the first selection signal SI is set to HI level. When 
this happens, the first clock X'tal passes the AND gate 
ANDl, and the output clock COUT outputs the first clock. 
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Moreover, in response to the Hl-level first selection 
signal SI, the output of the AND gate 50 becomes HI, and 
the PLL circuit 38 is set to the deactivated state and 
stops . 

5 Next, the operation during when the interface cable 

changes from being disconnected to connected will be 
explained using Fix. 7. When the interface cable changes 
to the connected state at time t31, the disconnection 
signal 'Select' becomes LO level. Due to this LO level, 
® 10 the counter 44 changes from the preset state to the count 
state, and then it starts to count the first clock X'tal. 
pf The leading edges of the first clock X'tal are counted 

and at time t32, the counter 44 outputs LO-level output 
r_ CO. When this happens, the internal disconnection 

15 signal CLKSEL is set to the LO-level connection state. 
Also, the PLL circuit 38 is activated { no-power-down 
State) by the LO-level of the disconnection signal 
'Select* , and generation of the second clock PLL starts. 
In other words, the high-speed second clock PLL is 
20 generated based on the quartz clock X'tal. 

When the internal connection signal CLKSEL becomes 
LO-level, that inverted signal is received by the 
first-stage flip-flop F/F( la) in response to the trailing 
edge of the second clock PLL at time t33. Furthermore, 
25 in response to the trailing edge at time t34, the signal 
is transferred to the second-stage flip-flop (lb), in 
response to the trailing edge at time t36, the signal 
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is transferred to the final-stage flip-flop F/F(Nb) , and 
the second selection signal S2 (HI level) is output. 

Before the final-stage flip-flop output the second 
selection signal S2 , the first-stage and second-stage 
flip-flops F/F(l), (2) receive the internal connection 
signal CLKSEL in response to the trailing edge of the 
first clock X'tal^ and outputs the first no-selection 
signal SI (LO level) , and output of the first clock X'tal 
is prohibited. Also, after a specified dead zone, the 
second clock PLL passes through the AND gate AND2 at time 
t36, and is output as the output clock COUT. 

As described above, when the interface cable is 
connected, the PLL circuit that was deactivated becomes 
activated, and when the second clock PLL, that has become 
stable after a set time, is output, the internal 
disconnection signal CLKSEL is set to the connection state 
(HI level). In response to this internal disconnection 
signal CLKSEL, first, the first flip-flop group 43 stops 
output of the first clock X'tal, and then the second 
flip-flop group 45 having larger stages than the first 
group 43, starts output of the high-speed second clock 
PLL, Therefore, switching to the stable second clock 
can be performed with no occurrence of hazards. 

Fig. 8 is a circuit diagram of the clock switching 
circuit in a second embodiment of the invention. The 
same reference numbers are used as were used in Fig. 5. 
The clock switching circuit 36 in Fig. 8 is different 
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from the circuit shown in Fig. 5 in that the number of 
stages of the second flip-flop group 45 can be changed 
according to the frequency selection signals Freql^2. 
In order to accomplish this, there is a stage-number 
selection circuit 52 in the clock switching circuit 36 
shown in Fig . 8 . 

Fig. 9 shows the relationship between the interface 
cable and connected device in the second embodiment of 
the invention. In this embodiment, there is a switch 
21 in the interface cable 20 that corresponds to the 
operating frequency of the interface. In the embodiment 
shown in Fig. 9, this switch is set to the top position, 
so the frequency selection signal Freql is selected. In 
addition, the selection circuit 52 selects a signal from 
the greater number of stages and supplies it to the AND 
gate 18N. The operation at that time is the same as for 
the first embodiment. 

On the other hand, when the switch of the interface 
cable 20 is set to the lower position, the frequency 
selection signal Freq2 is selected, and the selection 
circuit 52 selects the output of the second-stage 
flip-flop F/F(lb) and supplies it to the AND gate 18N. 
The second flip-flop group 45 becomes the third-stage 
flop-flop, and its operation is similar to the prior art 
shown in Fig . 1 . 

In this second embodiment of the invention, it is 
possible to select the number of stages of the second 
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flip-flop group according to the difference in the 
frequency between the first clock X'tal and the second 
clock PLL, and it is possible to set the dead zone at 
the time of switching the clock to an optimum length. 

With this invention, it is possible to switch between 
a low-speed clock and high-speed clock in response to 
disconnection or connection of an interface cable, 
without the occurrence of hazards. Moreover, when the 
interfacecable is connected, switching waits for a stable 
high-speed clock to be generated before switching, so 
it is possible to prevent malfunctioning of the circuit 
that supplies the clock. 

The protected range of this invention is not limited 
to the embodiments described above, but includes the 
invention and equivalent objects of the range disclosed 
in the claims . 


19 


